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LUTEAL CELLS THE GONAD THE PHALAROPE. 


HARRY YOCOM, 


DEPARTMENT ZOOLOGY, UNIVERSITY OREGON. 


has been shown Pearl and Boring (1917, 1918) that there 
are the ovary the domestic fowl interstitial celis 
which are many ways similar to, and which they claim are 
homoiogous with the corpus luteum mammals. thorough 
study has convinced the authors that these cells are constant 
element the ovary all fowls but that they are not found 
the testes normal male fowls. 

Boring and Morgan (1918) made study the gonads both 
male and female Sebright Bantams, race fowls which the 
males and females are feathered alike. They found both ovary 
and testis groups cells like those described Pearl and Boring 
luteal cells, and ascribed these so-called luteal cells the 
function influencing the type feathering. Since luteal cells 
are found the ovaries normal females hen-feathered 
fowls and not the testes normal males cock-feathered 
birds, but the testes hen-feathered Sebright Bantams, they 
reason that the normal feathering fowls would the male 
type were not for the suppressing influence the hormones 
secreted the luteal cells. Further proof favor the con- 
tention obtained from the well known facts castration where 
hen-feathered females assume typical cock-feathers upon the 
removal the ovary, and that the hen-feathered male Sebright 
becomes cock-feathered after the complete removal the testes. 

has seemed that further evidence concerning the function 
luteal cells might brought bear histological study were 
made the gonads birds other than fowls, and especially some 
bird which the sex differences are reversed; that some race 
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birds which the females are more brilliantly colored than the 
males. Such sex difference characteristic the Phalarope. 
During the spring migration when the birds are full breeding 
plumage the females are easily distinguished from the males 
the more brilliant plumage the back and (1917) 
states the sex differences follows: Male breeding plumage; 
upper parts dark plumbeous, striped back with buff and black: 
sides neck rufous, chest gray, upper throat and belly white. 
Female breeding plumage; brighter colored, rufous extending 
across throat well sides neck.’’ one not acquainted 
with the facts concerning the sex differences this group 
birds the sexes would undoubtedly mistaken. During the 
fall migration both males and females are lighter color due 
the loss the color and more nearly resemble one another. 

one respect the sex differences the not com- 
pare with the sex differences the fowls and that the fact 
that the color differences the Phalarope are not associated 
with structural differences the feathers, usually the case 
the fowls. microscopical examination the feathers the 
Phalarope showed that the color was due pigment and not 
difference structure. Whether not this important 
difference and alters our problem can determined only 
study large number birds different races. 

The material with which this study has deal consists the 
gonads both male and female Northern Phalarope, Phalaropus 
lobatus, Linn., collected during both fall and spring migrations 
along the Oregon coast. The tissues were taken from the birds 
soon possible after they had been shot, and were put into 
Bouin’s fluid and left until was convenient care for them 
the laboratory. Delafield’s was 
factory and was used almost exclusively stain. 

study the testes gave only negative results. case 
were there found any groups cells resembling the characteristic 
packets luteal cells found the testes the Sebright, and not 
even single cells which might considered that type. The 
intertubular material was not abundant and consisted narrow 
spindle shaped cells with oval, more iess shrunken nuclei. 

the ovary, however, characteristic groups the so-called 
luteal cells were found the theca surrounding the follicles 
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Figs. groups cells are present the material 
collected May and September but the groups cells seem 


Fig. Section ovary Phalarope fall 1000. 


Fig. Section ovary Phalarope spring plumage. 1000. ¢., 
follicle cells, luteal cells, odcyte, stroma. 


somewhat larger and more clearly defined the material 
collected the fall when the sexes were more nearly alike 
regards feathering. case could said that the groups 
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luteal cells were numerous. many sections there would 
packets all while others there would one two. all 
cases where found the packets were clearly defined and easily 
demonstrable, being composed cells having relatively large 
amount cytoplasm with rounded nuclei. The cytoplasm the 
luteal cells takes very little the hematoxylin stain. this 
respect well shape and size these cells differ from the cells 
the stroma the ovary. 

The facts cited above not indicate that luteal cells are 
any way influential suppressing color development the 
Phalarope. their consideration the influence the luteal 
cells feathering fowls Boring and Morgan have not separated 
the factors for color and structure the feathers. the present 
study only the color the feathers considered. The fact that 
luteal cells are found the ovary while the female much more 
brilliantly colored seems eliminate the possibility that the 
secretions the luteal cells any way suppress color develop- 
ment. 

The evidence far obtained not sufficient warrant any 
statement regard the problem the association color 
differences with structural differences the feathers. 

The recent work Nonidez (1922) raises another question 
the solution which will large measure depend more 
extensive study the presence absence luteal cells the 
gonads birds. This author has shown that the so-called luteal 
cells designated Pearl and Boring and Boring and Morgan 
are reality only the degenerating sex cords the embryonic 
gonad. What have been termed luteal cells and what have been 
understood homologous with the corpus luteum mammals, 
Nonidez has shown have entirely different origin and are 
therefore not confused terminology with the mamma- 
lian tissues. Whether not these remains the sex cords may 
have endocrine function left the author open 
rial. The facts presented above regards the presence 
these cells the gonads the Phalarope not seem bring 
any nearer solution the problem. There indication, 
the Phalarope, that these groups cells exert suppressing 
influence the development the color the feathers the 


q 
7 
q 
q 


LUTEAL CELLS GONAD 105 


two sexes. That they may have some other endocrine function, 


the light our present knowledge, neither affirmed nor 
denied. 


CONCLUSIONS. 


histological study the gonads the Northern Phalarope 
shows that luteal cells such are found the gonads Sebright 
Bantams are absent the testes and present the ovaries. 
Since the female more brilliantly colored than the male there 
indication that these cells through internal secretion influ- 


ence the development any differences the color feathers 
the two sexes. 
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INTERACTIONS PROTOPLASMIC MASSES RE- 
LATION THE STUDY HEREDITY AND 
VIRONMENT ARCELLA POLYPORA.' 


BRUCE REYNOLDS, 


FROM THE DEPARTMENT MEDICAL ZOOLOGY THE SCHOOL HYGIENE AND 
HEALTH, JOHNS UNIVERSITY, BALTIMORE, MARYLAND. 


INTRODUCTION. 


the first article this series, Kepner and Reynolds 
have shown that under favorable conditions Difflugia usually 
reappropriates, fusion, fragments protoplasm which have 
been severed from the cell-body. the last paragraph their 
summary these authors make the following statement: ‘‘Obser- 
vations have been made which individuals the same species 
obtained from the same wild culture, showed decidedly nega- 
tive response towards each other’s fragments, yet other 
instances such cross-fusions did occur.’’ Elsewhere 
paper two suggestions are made the probable explanation 
why some specimens did fuse with fragments belonging 
other individuals, viz: The individuals were closely related 
having recent common ancestor. (b) living the same 
surroundings, the environmental influences have acted upon both 
organisms such way cause identical physiological 
The question thus raised seemed sufficient im- 
portance justify further work the subject; consequently 
the experiments incorporated this paper were conducted for 
the purpose clarifying the situation. 

The previous publication was largely concerned with describing 
the process protoplasmic fusion. Although number 
observations were made upon the reactions between cell-bodies 
and fragments from other individuals the same species, 
attempt was made culture the organisms and then test for 
reactions between members clone. result, only two 


This the second article series dealing with the phenomenon fusion 
between protoplasmic masses. The first article was written Wm. Kepner 


and Reynolds ('23) from the University Virginia. Further work the 
subject now progress. 
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types reactions were observed: (a) fusion and failure 
attract, contact was made the fragment would pushed 
along for while, without causing any apparent disturbance, and 
then abandoned. 

During the course this investigation, involving much more 
extensive experiments, was found that some cases the 
masses would readily attract each other, but upon making con- 
tact there would sudden contraction the involved regions 
violently shocked, while the protoplasm constituting both 
the fragment and the organism’s pseudopod (s) which had made 
contact with would shattered into bead-like masses. See 
Fig. and This type reaction was observed fre- 
quently that referred throughout this paper the 
reaction. 

the investigation progressed seemed advisable divide 
the problem into three sections; and study the reactions be- 
tween organisms and fragments from related specimens under the 
influence three different conditions follows: 


Similar environments. 
Il. Different environments. 
III. Identical 


Numerous methods have been employed studying variations 
among the protozoa, such as: rate reproduction, measurements 
size, counting the number spines, teeth, tentacles, etc., resis- 
tance poisons and high temperatures. this study, for 
the first time, advantage has been taken the property possessed 
certain organisms fusing with their own fragments from 
closely related specimens. The superiority this method lies 
the fact that affords quick and definite means determining 


this, the previous paper, was not determined why two such masses 
were attracted each other. When protoplasmic fragments were not present the 
organisms would move about random; but when pieces protoplasm which had 
been detached from themselves from related individuals were within two three 
hundred micra them, they would invariably proceed directly towards the frag- 
ments. This statement based over fifteen hundred observations. series 
experiments are being planned ascertain, possible, the stimulus involved 
these positive reactions. 

The organisms comprising the two lines under observation were placed the 
same concavity, else, portions the culture media were frequently exchanged 
between the concavities containing them. 


1 
4 
7 
7 
7 


108 BRUCE REYNOLDS. 


minute physiological differences—even before these changes have 
become expressed morphologically. Furthermore, the physio- 
logical difference between two organisms, indicated this 
method, appears more permanent and less subject fluc- 
tuations than certain morphological variations which have been 
utilized others. some instances cross-fusion was observed 
take place readily between specimens belonging the same 
clone—though they appeared quite different the other 
words: the physiological variations, determined means 
the ability inability individual fuse with fragment 
protoplasm belonging another, seem independent 
differences size shape the two animals concerned. 


Fusion between cell-bodies and severed fragments has been 
observed the author ten species the genus Difflugia, 
Arcella polypora, Centropyxis aculeata, and also other forms 
protozoa. The phenomenon seems fairly common among 
the Perhaps would well emphasize this 
point the fact that throughout these experiments any individual 
Arcella would fuse with its own fragments (provided they were 
not too far removed, had not been separated for too long 
period) under any environmental conditions which they were 
subjected. 

ACKNOWLEDGMENTS. 

This problem suggested itself while was discussing 
with Professor Wm. Kepner, the results our work 
Reactions between Cell-bodies and Pseudopodial Fragments 
wish express deepest gratitude Professor 
Hegner and Dr. Wm. Taliaferro, under whose direction 
the work was done, for their valuable advice and criticisms. 
also deeply indebted Professor Jennings for reading 
the manuscript and making some important suggestions. 


THE ORGANISM. 


The experimental animal used this investigation was mul- 
tinucleated Arcella closely resembling the species described 
Penard polypora. worked with the same 
organism, calling polypora. However, the same paper 
also gave measurements larger multinucleated form which 
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agrees with the amended description polypora given 
Penard viz: grande, bouche largement ouverte, 
ently Hegner the only investigator this country who has re- 
ported the existence Arcellae containing many nuclei. Leidy 
states that was able detect two, occasionally one, and 
rarely three, though admitting that had possibly overlooked 
the presence some nuclei the larger forms 
sionally large, polynucleated, wide-mouthed specimens were found 
collections. The differences between these two multinu- 
cleated forms seem great enough justify the creation 
new species. However, this done, the law priority makes 
necessary retain the name polypora for the smaller form 
which was used these experiments. 

Because the existing confusion deemed advisable say 
few words regarding certain characteristics possessed the 
organism studied: shape, structure, and coloration shell simi- 
lar discoides; diameter shell from 120 micra; height 
shell from micra; oral orifice approximately equiva- 
lent one third the diameter shell; number nuclei usually 
eight ten. Careful scrutiny under the oil immersion failed 
reveal any minute pores around the mouth the shell, but the 
shadows the outer margins the large cancelli lining the 
buccal aperture might readily misinterpreted such under 
low magnification. 

Arcella polypora was selected the object for study because 
reproduces rapidly, easy culture, and capable with- 
standing the influences various stimuli. This rhizopod may 
found either large small bodies water, living especially 
the under surfaces aquatic plants, decaying vegetable 
matter, and ooze. April 10th. 1922 collection, containing 
many polypora, was obtained from artificial pool the 
botanical garden near the Johns Hopkins Biological Laboratory. 
All the organisms used these experiments were descendants 
thislot. was kept going, and new individuals 
were needed they were isolated and new clones were started from 
them. 
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(a) Apparatus and Technique. 


carrying out these experiments more standardized and exact 
methods were employed than those used the first article this 
series, though they were essentially the same. every case 
(unless specified) distilled water (pH 0.7) was used, and each 
animal was washed once twice before being transferred the 
slide which the amputations were made. Furthermore, any 
detritus clinging the shell was removed before the operation. 
all the cross-fusion experiments the two organisms 
tested were placed the same slide, and when fragment was 
severed from one, that individual was moved away and the other 
placed near the fragment protoplasm. The glass needles, 
with which the protoplasmic masses were detached, were drawn 
from standard Pyrex tubing furnished the Corning Glass 
Company, Corning, All operations were performed under 
the compound microscope—32 mm. objective and No. eye- 
piece (B. the mm. objective was used making 
the observations. camera lucida was attached the micro- 
scope and intervals (usually one minute) the outlines the 
objects were traced with pencil. These sketches were 170 
times the size the objects. 

The pseudopods polypora are usually digitate and rarely 
extend far beyond the periphery the shell, making very 
difficult sever masses protopiasm cutting them off with 
needle was done the case Difflugia. This difficulty was 
overcome taking advantage two the shape 
the shell, and the fact that undisturbed for while the 
animal ordinarily attaches itself the substratum. The or- 
ganism shaped somewhat like shallow the outer rim 
the shell forming rather sharp edge, Fig. after pseudo- 
pod has been extended beyond the outer margin, pressure 
applied the top the shell the pseudopod will caught be- 
tween the rim and the sub-stratum and its distal end will thus 
pinched off. Severance aided the animal’s sudden reaction 
this stimulus. Sometimes specimen would fail protrude 
pseudopods sufficient length permit use the method just 
described; consequently was left undisturbed for few min- 
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utes and then suddenly displaced means glass filament. 
This procedure would frequently result large mass proto- 
plasm being torn from the organism. 


(b) Culture. 


slides, each containing two concavities, were 
used receptacles cultivating the organisms. Seven drops 
the desired culture medium were put into each concavity and the 
animals were transferred them. After this the slides were 
labelled and placed transparent glass moist chambers which 
were kept before window, unless otherwise stated. 

first the method described Jennings for Difflugia 
was used preparing the culture medium, quantity 
ooze from pond which the organisms were found living 
was shaken water, this was allowed settle, and then the 
water was decanted off and used. Although other investigators 
have obtained successful results using culture media prepared 
this way, several objections its use these experiments 
were evident: first, fresh material was hard obtain, since 
ponds were near the laboratory which the work was done; 
secondly, constant culture medium was not insured, for the 
plant and animal life given pond vary constantly; and 
was necessary ever guard against possible con- 
tamination with wild specimens and injurious chemical agents. 
After encountering these difficulties for two months the 
method was discarded favor hay infusion culture medium 
which dispensed with all the objections mentioned, and 
which the organisms thrived even better. was prepared 
follows: grams clean timothy hay was placed clean 
beaker containing 250 c.c. neutral distilled water. This was 
boiled slowly for five minutes, then strained through two thick- 
nesses cheese cloth, after which was stored, quantities 
about cc., small sterile test tubes: The tubes were then 
plugged with cotton and placed boiling water for fifteen min- 
utes. Two days later they were subjected boiling water again 
for the same period time, order kill any bacteria which 
might have resisted the first sterilization being the spore 
stage. The liquid the tubes constituted what was known 
stock solution; would keep for months without deteriorating 
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provided evaporation didn’t take place. making the cul- 
ture medium one part the stock solution was taken and 
were added nine parfs distilled water—giving per cent hay 
infusion solution. When other ingredients such sugar, alcohol, 
etc., were used, they were mixed with distilled water the desired 
proportions and then nine parts this were added one part 
the stock solution. Thus, every case the percentage hay 
infusion remained the same. After tube containing some 
the stock solution had been opened and part its contents 
used the remainder was discarded. The grown this 
medium subsisted largely bacteria, the progenitors which 
were introduced with the organisms. 


(c) Pedigrees. 


lines, clones, were obtained isolating specimens 
from the wild culture and designating them, for example, the 
progenitors clone clone etc. Upon dividing, the daugh- 
ter-cell remaining the old shell, and all its descendents, were 
referred clone line while the daughter-cell occupying 
the new shell, and all its descendents, were denominated clone 
line ad. Fig. expresses graphically the procedure followed. 


Generations: Ist, 2d. 3d. 4th. 5th. 6th. 
Clone 
(Isolated 
cultures) 


Fic. Diagram illustrating method employed recording the relationship 
experimental animals. Those marked with asterisk were either used for obser- 
vations, else discarded. 


When different environment was imposed one line 
clone that line was designated, for instance, clone line a-su 
(su indicating that sucrose was added the culture medium 
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which this line was nourished). Ordinarily lines were perpetua- 
ted through the individuals remaining the old shells, but this 
rule was not strictly adhered since experience showed differ- 
ence the results obtained when other members were used. 
From two four individuals each line were kept culture 
precaution against possible fatalities. 


ENVIRONMENTS. 


These experiments are discussed under the heading 
environments because the external conditions surrounding the 
two lines the clones involved were nearly alike was 
possible for the experimenter make them. Though kept apart 
from the first division the clonal parent, the two diverging 
lines were treated exactly the same manner; for instance: the 
same pipette was used transferring members fresh concavi- 
ties; these concavities contained culture medium taken from the 
same bottle; afterwards the depression slides containing the 
organisms were placed alongside each other the same moist 
chamber. Frequent tests were made, according the method 
described above, between individuals one line and fragments 
protoplasm from individuals the other. was found that 
daughter-cells (members the second generation) would readily 
fuse with each other’s severed fragments—and that such reactions 
would occur regardless whether not the organism taking 
the fragment had just previously lost part its own protoplasm. 
Furthermore, every case when both lines were kept under 
similar conditions, cross-fusions continued exhibited for 
fifteen more generations; consequently later experiments 
tests for interactions were not begun until several generations 
had elapsed. 

series experiments conducted between the two lines 
clone are given extenso Table will seen re- 
ferring this table that cross-fusion between line and line 
persisted until the 22d day and 24th generation. After this 
further inter-fusions occurred, but instead the protoplasms usu- 
ally were shattered upon making contact. Attention should 
called the fact that some the experiments listed Table 
the organism was its back when placed near the fragment; 
other cases the fragment would become detached from the sub- 
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TABLE 


INTERACTIONS CELL-BODIES FROM ONE LINE AND PSEUDOPODIAL FRAGMENTS 
SPECIMENS FROM THE OTHER CLONE AND id. LINES 
WERE EXPOSED SIMILAR ENVIRONMENTS. PER CENT. Hay IN- 
FUSION CULTURE MEDIUM. EXPERIMENTS WERE STARTED 
JUNE 25, AND ENDED JULY 1922. 


10x18 100 Immediate fusion. 
i-18 15x40 110 Fusion after 3’. 
i-20| 10x48 1.5 Fusion within 30”. 
15x45 1.5 Shattering reaction. 


stratum and float away, else pushed along the organism’s 
pseudopods without making intimate contact with them. This 
accounts, great extent, for discrepancies observed the time 
required make contact, and also for the cases marked 
fusion and contact. 

similar table might have been arranged for any the other 
clones studied this manner, but take much space with 
tables would both impracticable and unnecessary; therefore 
single table has been prepared which gives the number days 
and generations elapsing before the intraclonal reactions became 
negative (as indicated shattering instead fusing the pro- 
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toplasms). This table (Table II.) shows range from 
generations, and from days, the time the first 
appearance negative reactions between two lines clone, 
average 22.25 generations and 21.58 days. After two lines 
had once become negative each other further cross-fusions 
took place between them unless certain modifications were made, 
the nature which will discussed later. 


TABLE II. 


TABLE SHOWING DATE AND GENERATION FIRST EXHIBITION SHATTERING 
REACTION TWELVE CLONES BOTH LINES THESE CLONES 
WERE EXPOSED SIMILAR CONDITIONS. 


First Neg. Reaction Observed. 


Experi- No. of Ob- 
Since 
Line. 2d. Line. Beginning. 


Average: 22.25 gen. 21.58 days. 


Before these cultures were discarded the culture medium, 
which the organisms were living, was tested for its value 
means the Phenolsulphonephthalein indicator. every case 
was found neutral; 7.e., detectable change had taken 
place because the presence the organisms. 


SUMMARY SECTION 


summing the results obtained from these experiments, 
the evidence indicates that physiological differences develop 

Cross-fusion obtained the 16th day. Cultures died before further obser- 
vations were made. 

Cross-fusion obtained the day—cultures died. 
This set experiments given extenso Table 
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among the members clone, without necessarily being accom- 
panied corresponding morphological differences, and that 
these changes can demonstrated the cross-fusion method 
within relatively short periods time—approximately days. 
Since both lines given clone were subjected the same exter- 
nal influences, the inference might drawn that such proto- 
plasmic changes are probably due inherited variations and not 
the action environmental factors. However, later experi- 
ments show that this position untenable. 


Having determined the time required for intra-clonal differen- 
tiation under similar environments, was now possible subject 
the two lines clone different environments and observe 
the relative effects such treatment would have their behavior 
towards each other’s fragments. carrying out these experi- 
ments such factors were employed might occur nature, viz: 
(a) per cent hay infusion, sucrose, (c) saline, (d) acetic 
acid, (e) sodium carbonate, (f) alcohol, (g) darkness, and 
temperature. The organisms seemed thrive best per 
cent hay infusion, and since this could prepared given 
formula, was used every case (except one) the standard 
culture medium: 7.e., one line clone was grown room 
temperature front window, while the other was altered 
desired. 

(a) Per Cent Hay Infusion. 


organism was isolated from wild culture and placed 
concavity containing pond water. Upon dividing, the new cell 
thus formed was transferred receptacle containing per 
cent hay infusion and designated clone line h-hay, while the 
individual remaining the old shell was placed a-concavity 
containing fresh pond water and now became known clone 
These two daughter-cells were then placed the same 
moist chamber, that the only difference their environments 
was represented the culture media. The usual tests for cross- 
fusion between the lines were made with the following results: 
the second day after the beginning the experiments 4th 


The significance these symbols follows: fusion occurred; shatter- 
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similar series experiments were conducted between two 
diverging lines clone this case seven observations were 
made, extending through the eleventh generation, with the result 
that cross-fusion took place every instance. Further obser- 
vations were made impossible account death one the 
lines. one case then, the time required for two related lines 
exhibit the negative reaction was greatly reduced, while 
the other death interfered with the determination this point. 
standing alone, further evidence would certainly necessary 
before much emphasis could placed the significance these 
observations; but, since the conclusions drawn, from the experi- 
ments dealing with different environments, were largely deducted 
from later observations, was decided include these they 
stand without attempting add more convincing proof. 


(b) Per Cent. Hay Infusion Containing Per Cent. Sucrose. 


these, and all succeeding experiments, the standard culture 
medium was per cent. hay infusion. After the first division 
the clonal parent, one the daughter-cells was transferred 
concavity containing per cent. hay infusion plus per cent. 
sucrose, while the other was kept the standard culture medium. 
every other respect the two lines arising from these individuals 
were subjected similar influences. order avoid possible 
contaminations, different pipette was used transferring mem- 
bers these two lines fresh culture media. The density 
the medium was, course, increased upon the addition sugar, 
which resulted the newly formed shells becoming smaller and 
smaller, that was considered advisable (perhaps necessary) 
remove the osmotic influence after six seven days; conse- 
quently, after having remained the medium containing per 
cent. sucrose for approximately that length time, the organisms 
were put back into per cent. hay infusion. From this time 
both lines clone were living amidst the same surroundings. 
was found that cross-fusion between the two lines continued 
for five six days, then for period six seven days the 
interactions were negative (even though the osmotic agent had 


ing reaction; contact made but neither fusion nor shattering followed. The 


number symbols placed after figure indicates the number observations made 
that day. 
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been removed) after which another short period inter-fusion 


ensued. This clearly shown Table III. 


SHOWING INTERACTIONS RELATED LINES, AND 


III. 


THE ENVIRONMENT 


WAS THE SAME FOR LINES, WITH THE EXCEPTION THAT FOR Days LINE 
was PER CENT. SUCROSE SOLUTION. THE EXPERI- 
MENTS WERE BEGUN JUNE 27, AND DISCONTINUED JULY 22, 


1922. 
k-6 8x45 Fusion after 2’. 
k-8 35X75 Shattering reaction. 


Later specimen fused with its own fragment which had caused shat- 
tering specimen cytoplasm. 
The young individuals line having been subjected the influence 
per cent. sucrose for days, were reduced size diameter micra (the 


normal diameter being 100 micra). 


this day line was put back into per 


cent. hay infusion, where remained during the rest the experiments. 
Later specimen fused with its own fragment after had been abandoned 


specimen 
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referring Table III. will seen that cross-fusion be- 
tween the two lines persisted through generations and 
while two days later and their potency fuse 
with the other’s fragments had ceased. the day after the 
first negative reaction was observed, line was taken out the 
sugar solution and placed the same medium used for line 
nevertheless, the reactions between the two lines continued 
the shattering type for more days; cross-fusion was not 
observed again until the fifth day after the two lines had been 
restored common environment and For 
the next few days the inter-reactions were positive, but from 
generations and until the experiments were dis- 
continued, shattering the protoplasms took place every 
instance. Compare the second shattering period with results 
shown Table II. 

interesting point brought out this study, the fact that 
though the normal size was regained two days after the individu- 
als line were removed from the sucrose solution, the 
inability cross-fuse with fragments specimens from line 
persisted for other similar experiments the stability 
this physiological variation compared the morphological 
difference size was shown even more strikingly. 

Three other series experiments, which per cent. sucrose 
was used the modifying factor, were conducted, and all them 
gave results parallel those shown Table III. For instance, 
June 7th the progenitor clone was isolated from wild 
culture and upon dividing the next day, lines and were, 
started. Cross-fusion between these two lines was observed 
the third day (generations and shattering reaction 
exhibited the 6th and line put back 
standard culture medium the 7th, negative inter-actions per- 
sisted until the 15th and then cross-fusions took 
place during the next five days, all the interactions after this 
were the shattering type. Twenty observations were made 
this series experiments. 

Observations clone lines and were begun August 
27th. Cross-fusion between line and line the 4th day 
(j-4 and negative the 6th. and line 
j-su removed from per cent. sucrose 6th, negative inter- 
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actions persisted until the 15th (j-16 and this was 
followed brief period cross-fusion, after which the inter- 
actions became permanently negative—number observations 
this case was 35. 

similar series experiments between lines and n-su 
clone were started August 27th. this case line was 
removed from the sugar solution before the negative condition 
had been attained; consequently cross-fusion continued until 
the 15th day. From this time all the interactions were 
negative. Forty observations were made this series experi- 
ments. 


(c) Per Cent. Hay Infusion Containing N/10 Saline. 


Two series experiments were conducted which one line 
clone was placed culture medium per cent. hay infusion 
plus one tenth normal saline solution, while the other line was 
kept the standard medium—the only difference between the 
environments the two lines was that the culture medium used 
for one contained 0.09 per cent. salt. During the first three days 
the organisms the saline solution seemed grow and repro- 
duce normally; after this, three days elapsed before another 
division occurred; then further growth ceased. the meantime 
tests showed that cross-fusion between the two lines took place 
readily. After keeping the organisms saline solution for eight 
days they were put back into standard culture medium. The 
interactions continued positive for two more days, then the 
experiments were discontinued. 

The evidence obtained from these observations indicates that 
saline unfavorable environment for polypora; but 
regardless this, physiological change that can detected 
the cross-fusion method was thus produced. 


Per Cent. Hay Infusion Containing Acetic Acid. 


Numerous attempts were made culture the organisms 
per cent. hay infusion which had been added various amounts 
acetic acid, but after repeated efforts was found impossible 
keep the animals alive solutions containing only 0.01 per 
cent. acetic acid. Other acids, weaker concentrations 
acetic acid, were not tried. 
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(e) Per Cent Hay Infusion Containing 0.025 Per Cent Sodium 
Carbonate. 


beginning with one per cent. sodium carbonate and each 
time decreasing the proportion, was determined that poly- 
pora could successfully grown medium containing 0.025 
per cent. this substance. Only one set experiments was 
conducted, but the results obtained were very definite. 
June 29th individual was taken from clone and set aside 
become the progenitor new clone The next day had 
divided, one the daughter-cells resulting from this division 
was placed per cent. hay infusion containing 0.025 per cent, 
sodium carbonate, while the other was kept standard medium. 
The size, activity, and rate reproduction the organisms sub- 
jected the influences sodium carbonate weak base) seemed 
perfectly normal. Results the reactions between line 
and line are given means symbols (See footnote page 
116 for meanings). the second day after the experiments were 
begun the interactions were 4th 6th line per- 
manently transferred standard medium, 8th 9th 
observations were made after this date. These results strongly 
suggest that, one line clone placed per cent. hay in- 
fusion and the other line similar medium which 0.025 per 
cent. sodium carbonate has been added, the physiological consti- 
tutions the members comprising the two lines will quickly 
become differentiated that cross-fusion will not take place 
between individuals belonging one line and fragments speci- 
mens from the other. Such changes are shown persist for some 
time after the causative agent has been removed. 


(f) Per Cent. Hay Infusion Containing Per Cent. 
Alcohol. 


August 28th specimens were taken from two clones, which 
had been under observation since June 25th, and with them two 
sub-clones, and were started. These sub-clones were 
divided into two lines each; one which was kept standard 
medium, while the other was placed per cent. hay infusion 
plus per cent. alcohol—the latter being designated sub-clone 
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line and sub-clone line respectively. The organisms 
subjected alcohol seemed thrive quite well—the rate 
fission, both lines being slightly greater than that those kept 
standard medium. was found, testing the interactions 
related specimens grown these different environments, that 
the results were parallel both cases; yet different from those 
obtained when substances other than alcohol were used for alter- 
ing the environmental conditions. These observations were 
extended over period days, representing generations 
sub-clone and sub-clone The results are indicated 
symbols (see footnote page 116 for meanings). For 
sub-clone reactions between line and line were 

For cub-clone the reactions between line and line were 
65th 

can seen glancing these data, the interactions were 
variable and inconsistent. This suggests, perhaps, fluctuating 
change the protoplasm contradistinction the uniform 
conditions found prevail other experiments included this 
section. explanation this offered, since time did not per- 
mit exhaustive investigation the subject made; but 
seems that one would hardly justified attributing the 
cause detrimental environment, for, has already been 
dointed out, growth was not diminished the presence 
alcohol. found that Arcella dentata would grow 
and reproduce medium containing from 0.25 per cent. 
alcohol. However, the fission rate was retarded and irregulari- 
ties the shells the offsprings were observed. 
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(g) One Line Clone Kept Darkness, the Other Exposed 
Light. 


Having found that related specimens could readily made 
negative each other’s protoplasmic fragments adding 
various substances the culture medium which one line was 
grown, the following question arose: Are the changes thus brought 
about due the direct action the added material, some other 
causes? With this mind, series experiments was begun 
which the same culture medium was used for both lines 
clone, and every other way they were treated alike, except one 
line was placed the dark while the other was kept before 
window. Thus, one line the organisms were exposed light 
during the day, while light was entirely excluded from those 
comprising the other, except for the short time required trans- 
fer them new depression slides period about two minutes 
every other day). Four experiments this type were conducted, 
involving clones and three out the four cases, 
the rate reproduction was greater among the organisms kept 
darkness than among their relatives which were exposed 
light. However, possible that this was due greater 
abundance certain forms bacteria upon which the Arcelle 
fed; for was observed that the bacterial growth was usually 
very vigorous the which had been kept the dark. 

The results obtained these experiments may briefly given 
follows: clone line and line continued inter-fuse 
with each other’s protoplasm until the 15th day (16th genera- 
tion); clone the first negative reaction was observed the 
12th day (12th generation); clone shattering reactions 
occurred between line and line u-d the 13th day (15th gen- 
eration); clone cross-fusion between line and line 
ceased the 13th day (15th generation). After two related 
lines had once become negative, further cross-fusions occurred. 

these experiments the average time required for two lines 
clone become differentiated shatter each other’s 
detached fragments protoplasm was 13.25 days, and 14.5 
generations. While this longer period than was required 
for the shattering reaction exhibited when sucrose, for 
instance, was used the differentiating factor, 8.33 days 
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(and 7.75 generations) shorter than was the case when change 
was made the environments. thus shown that the 
absence light does affect, either directly indirectly, the 
physiological constitution polypora. 


(h) The Two Lines Clone Exposed Different Temperatures. 


Specimens were exposed for twenty-four hours temperatures 
36, 35, 30, 28, and degrees centigrade, but every case 
death occurred during the period incubation. However, 
incubated for only four hours, the organisms were able resist 
temperature degrees Tests were made determine 
such short exposures heat would affect the protoplasm enough 
for detected the cross-fusion method. changes 
this sort could revealed; regardless whether the observa- 
tions were made immediately after incubation, twenty-four 
hours later. 

Attempts culture polypora low temperatures proved 
more successful. Fifteen degrees centigrade was arbi- 
trarily chosen the low temperature environment, while room 
temperature (21 degrees C.) was used the norm. lower 
temperature was not selected because was desirable that the 
organisms reproduce fairly rapid rate; though degrees 
the fission rate was reduced approximately one half. 

Nov. two temperature experiments were started, involv- 
ing Clone line and line and clone lines The 
same culture medium was used for both lines clone, and the 
lines which were not kept the low temperature incubator were 
put darkened place counteract any effect lack light 
might have had the organisms the refrigerator. usual, 
tests were made frequent intervals determine the interac- 
tions two diverging lines. The results obtained are shown 
below means symbols.' clone X—reactions between 

clone between line and the 6th day 


signifies that fusion took place; shattering reaction; contact was made 
but neither fusion nor shattering followed; contact was not made. The number 
symbols placed after figure indicates the number observations made that day. 
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the one shattering reaction observed the 6th day the 
experiment between the two lines clone disregarded, the 
above data will show that negative interactions first occurred 
the 14th day clone and the 17th day Taking 
the higher figure 4.58 earlier than the average time re- 
quired when the environments the two lines clone were 
similar. However, consider the number generations, 
greater difference shown. the day the first negative 
reaction was observed clone line had produced genera- 
line which added and the result divided 
yields 11.5 generations, while clone line represented 
generations and line 10, average generations. 
Again, take the higher number gives decrease 8.25 
generations. seems then, that two lines given clone 
are subjected different temperatures, they tend diverge 


physiologically more rapidly than when kept the same tem- 
perature. 


SUMMARY EXPERIMENTS INVOLVING DIFFERENT ENVIRON- 
MENTS. 

previously shown, when two lines arising from daughter- 
cells are subjected similar environmental influences the 
property fusing with each other’s detached fragments pro- 
toplasm ceases after approximately 21.58 days and 22.25 genera- 
tions. keeping one line per cent. hay infusion room 
temperature front window, such intra-clonal differentia- 


tion could greatly hastened altering (in only one respect) 
the other, follows: 


Differentiation Exnibited. 


. Factor imposed. Days. Generations. 


saline added 
0.01 per cent. acetic acid added (killed organisms). 
0.025 sodium carbonate added 


per cent. alcohol added (fluctuated between and 


The other line kept pond water instead per cent. hay infusion. 
The other line kept darkened place counteract darkness refrigerator. 
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When the experiments involving similar environments had 
been completed, and before the experiments described section 
had been performed, seemed that the inability organism 
fuse with protoplasmic fragment which had been severed 
from related individual was due inherited physiological 
variations. However, was found, shown section II, that 
employing different environments the negative state was 
reached much shorter time than was the case when the con- 
ditions were unaltered. These results indicate either (1) that 
the different environments have brought about heritable physio- 
logical changes which influence the character the reactions, 
(2) that the different environments have brought about tem- 
porary physiological changes which not persist after the organ- 
are returned identical surroundings. other words: 
the environments may have, reality, been 
different. Jennings pointed out, and Hargitt and Fray 
and Phillips have shown feeding Paramecia pure 
cultures bacteria, food important factor bringing about 
modifications. There seems doubt that certain forms 
bacteria prevail one concavity while adjoining concavity 
the flora may entirely different. The hay infusion 
cultures subsist principally the bacteria which they are 
surrounded therefore, one should not surprised physiological 
differences are exhibited between organisms kept different 
containers. 

Several methods might employed determining whether 
not the bacterial flora available the organisms two contrast- 
ing lines are similar: 


making cultures the medium which they are living, 
and determining the kinds and relative proportions bacteria 
present through the use differential culture media. However, 
since little known about hay infusion bacteria, this would 
difficult undertaking. 

isolating pure strain suitable bacteria and feeding 
them the organisms under aseptic conditions. 

frequently transferring small quantities the 
medium from one concavity the other, and placing both 
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organisms the same concavity and removing the new individuals 
they appear. 

Methods and were not undertaken, but both (a) and 
method were utilized. 


Four clones, and were started and each these was 
divided into two lines upon the first division. Individuals from 
these lines were transferred new concavities every other day, 
and upon each transferral the organisms quantity the 
culture medium from the old concavity which one line had 
been growing was placed the new concavity which specimen 
from the other line was confined, and vice versa. Thus, each 
time organism was placed into fresh culture medium brought 
with some the bacteria from the old culture which had 
been living; but addition this, bacteria from the old culture 
which its sister line had been growing were also introduced, 
that any difference the flora existing the two old concavities 
were distributed the new concavities alike. Tests were made 
between representatives the two lines had been done 
former experiments, and was found that cross-fusion did not 
cease after twenty twenty-five generations, but persisted 
long the experiments were continued; clone until the 
42d generation, clone until the 47th, clone until the 65th, and 
clone until the 58th. After obtaining cross-fusion clones 
and for and generations respectively, Petri dish cultures 
were made the two lines each clone putting four indi- 
viduals Petri dish containing c.c. per cent. hay 
infusion. These were placed before window where they re- 
mained undisturbed from July until August 25. 

Another series experiments was begun which attempts 
were made bring related specimens, that had been reacting 
negatively towards each other’s fragments, state which 
cross-fusion would take place between them, frequently ex- 
changing small quantities culture medium between the con- 
cavities which they were living. Three variations this 
system were employed: cross-transferring small quan- 
tity culture medium from the old receptacle one line the 
new container the other each time the organisms were con- 
veyed fresh culture medium—thus bringing 
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common state; (b) transferring medium only from one 
line the other—thus making the conditions the latter like 
those the former; (c) the environments both lines were 
changed through the use different culture medium; these 
were then brought common identity exchanging small 
quantities culture medium between them. 

Members from the Petri dish cultures clones and were 
used for this purpose. When tested August was found 
that the two lines these clones reacted negatively towards each 
other’s fragments. estimating the number individuals 
each Petri dish, and knowing the number days the cultures had 
been running and their usual rate reproduction, fairly accu- 
rate determination could made the number generations 
represented each line. every case the number used was 
slightly under the estimated number. following this pro- 
cedure the figure obtained August were: for clone line 
j-66 generations and line for clone line and line 
kd-68. The same day three types experiments were begun 
which both these clones were used. 

(a) Two small drops culture media were interchanged be- 
tween the old receptacles containing specimens from one line 
and the new concavities into which specimen from the other 
line was placed each time the organisms were conveyed 
fresh cultures (every two days). intervals two three 
days observations were made the reactions between individuals 
from the two lines. clone the interactions lines and 
continued the shattering type for days (until Septem- 
ber 12), when cross-fusion was exhibited (line and line 
80). From this time until the experiments were discontinued 
November and individuals from one line would 
readily fuse with fragments that had been severed from members 
sister line. clone the interactions between lines and 
were the shattering type for days (until September 14). 
From this time on, cross-fusion between the two lines was exhib- 
ited, though several shattering reactions were also observed. 
The experiment was discontinued November which time 
line had undergone 135, and line 132 divisions since clone 
was started June 25. 

the following experiments attempts were made bring 
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lines and the conditions lines and respectively, 
conveying some the culture media which the latter had been 
living the concavities containing the former. Under this 
treatment individuals from lines and reacted negatively 
towards each other’s fragments during the succeeding fifteen 
generations (until September 9). After this cross-fusions were 
the usual occurrences, though occasional shattering reactions were 
encountered. When the experiment was discontinued Novem- 
ber line represented 129 generations and line 120 genera- 
tions since the beginning clone The reactions between 
lines and continued the shattering type until 
September (for generations). From then until the experi- 
ment was discontinued November (line and line 
most the interactions were positive. 

(c) these experiments specimens from clone lines and 
and clone lines and were taken from the Petri dish cul- 
tures and placed concavities containing per cent. hay 
infusion plus per cent. sucrose; but after remaining this 
solution for six days, the organisms had decreased much 
size that they were put back standard medium. other 
day small quantities culture media were exchanged between 
the receptacles which sister lines were kept. The organisms 
subjected per cent. sucrose not only decreased size, but 
their physiological states were altered that they longer 
fused with fragments from closely related individuals which had 
been kept standard culture section II, Thus, 
evident that environment different from what existed 
before had been established. 

Upon testing the usual method, was found that the 
shattering type reactions persisted between specimens line 
and line for days and generations, but from then on, 
cross-fusion was exhibited. The experiment was discontinued 
Nov, 2d, which time line represented 125 generations 
and line shattering reactions were observed 
between line and line until the 23d day and 17th genera- 
tion after the experiment was started. Later observations 
yielded much larger proportion shattering reactions than 
were encountered any the other experiments, but number 
cross-fusions did take place between the two lines. When the 
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experiment was stopped Nov. Ist..line had undergone 119 
divisions and line 122. 

The results obtained the above experiments indicate that 
the changes produced the protoplasm related individuals 
reproducing vegetatively, are least greatly influenced the 
environment—in fact such extent that two lines which have 
been negative each other’s protoplasmic fragments for several 
weeks can brought back common condition which cross- 
fusion will take place between them within approximately 
days. convincing this evidence seems, was con- 
sidered advisable obtain further proof. that end, series 
experiments was planned which would extend the observa- 
tions over longer period, and the same time remove any 
question the identity the environments which the two 
lines clone were existing. matter common knowl- 
edge, that when Arcella divides the newly formed shell lighter 
color than the old shell, and that this difference shell colora- 
tion continues for some time after division takes place. There- 
fore individual possessing dark shell was taken from each 
the two diverging lines given clone and placed the same 
concavity. Then daily examinations were made, and when two 
specimens with light-colored shells appeared, they were removed 
and tested for inter-protoplasmic reactions; while the two dark- 
shelled organisms were transferred fresh culture medium. 
might said this connection, that the morphological differ- 
ences between specimens from the two lines, were usually also 
great enough enable careful observer distinguish one from 
the other. 

November 1922, four experiments this type were 
started, involving clone line and line clone 
line and line clone line and line 
and clone line and line The two lines each 
these clones had previously been brought common condition 
exchanging small quantities culture media from one the 
other, described elsewhere; that individuals from one line 
would fuse with fragments members the other the begin- 
ning these experiments. then, was expected that 
the immediate progeny two such organisms would also exhibit 
the cross-fusion phenomenon. 
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Individuals from the two lines these clones were confined 
the same concavities for ten days. During this time frequent 
tests showed cross-fusion every instance: consequently 
November the related lines were separated again, placing 
the individuals different Petri dishes containing cc. 
per cent. hay infusion. intervals two weeks the number 
individuals the Petri dish cultures were estimated, and the 
approximate number generations represented determined. 
Then fresh Petri dish cultures were made, and thus the lines were 
perpetuated until January January tests were 
made for cross-fusion between the two lines these clones, with 
the result that all them gave the shattering reaction. Then 
individual from line was put concavity with individual 
from line jd. like manner the two lines the other clones 
were brought together. During the next five days the inter- 
protoplasmic reactions were universally negative, while the 
sixth day they were all positive. Cross-fusion between the re- 
lated lines continued until the experiments were stopped 
January 15. that time clone had been observed for 188 
generations, clone for 200, clone for 126, and clone for 122. 

These results present strong argument favor environ- 
ments the principal modifying agent; but the skeptic might 
say that perhaps the two lines were confused while being kept 
the same container, and what seemed cross-fusion be- 
tween very distantly related individuals was really positive inter- 
actions very closely related specimens. That such was the 
case very improbable; for the first place, especial care was 
taken avoid that error, and secondly, the results obtained were 
too uniform. The same mistake would hardly have been made 
every experiment time. However, the most con- 
vincing evidence obtained was made possible the sudden 
appearance double form Petri dish culture clone 
line qd. This abnormal specimen was discovered November 
21, 1922, and seems have appeared because the failure 
the shells completely separate the time fission. 


objection might raised mass cultures the grounds that conjugation 
might take place between some the organisms, thus disturbing the germinal con- 
stituency the individuals concerned. This possibility was taken into considera- 
tion and guarded against, and can said with assurance that conjugation did not 
take place among the specimens used this investigation. 
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shown contrasted with normal individual Fig. (See 
Reynolds 

can readily seen, the morphological differences between 
this abnormal specimen and normal individual were quite 
marked; consequently they could kept the same concavity 
without any danger confusion. The abnormal form could 
reared, and was found breed true type. January 
generations had been obtained from the abnormal 
while the normal individuals the line from which sprung had 
given rise generations. During this time, period 
days, the normal and abnormal organisms had been kept 
different receptacles, and exchange medium between them 
had been made. accordance with other findings, therefore, 
they should have reacted negatively towards each other’s frag- 
ments protoplasm—even though both had possessed the same 
‘morphological characteristics. testing this out January 
was found that they exhibited violent shattering reaction. 
the same day abnormal specimen was put the 
same concavity with normal organism both which 
belonged the same line (qd) clone making daily 
tests was found that the interactions continued negative 
for three days. From the fourth day on, cross-fusion took place 
between them readily. 


Another experiment involving the abnormal form was also 
started January this case normal individual 
which was descended from specimen taken from wild culture 
June 26, was placed concavity with abnormal 
organism after had been demonstrated experimentally 
that one would not fuse with fragments the other’s protoplasm. 
Then the usual procedure daily testing the interactions be- 
tween the progeny these two organisms was carefully practiced. 
During the first five days the involved protoplasms were shat- 


this and the following experiment all amputations, and subsequent obser- 
vations protoplasmic reactions, were made without removing the organisms from 
their containers. 

While the two organisms used this experiment belonged the same species, 
and probably some time the past had common ancestor (since their progeni- 
tors were isolated from the same wild culture); their relationship was certainly re- 
mote, for the two clones which they belonged had been under observation for 
nearly seven months. 
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tered pieces upon making contact, after which the animal 
would move off, leaving the remnants its own and the frag- 
ment’s protoplasm behind. the 6th, 7th, and 8th days con- 
tact was followed slight shattering protoplasm, and later 
some all the remnants were appropriated the reacting 
organism. the 11th, and 12th days coexistence 
one organism would fuse with fragment the other practically, 
not quite, readily with one its own fragments. 
further observations were made after the twelfth day. 


SUMMARY EXPERIMENTS INVOLVING IDENTICAL ENVIRON- 
MENTS. 


continually interchanging small quantities media from 
old cultures one line given clone new cultures the 
other line, cross-fusion between the two lines can prolonged 
for sixty-five generations (perhaps indefinitely?). After two 
lines clone have ceased fuse with each other’s fragments, 
the property cross-fusion can restored by: (a) frequently 
exchanging small quantities media between the cultures—thus 
bringing them common state; frequently transferring 
small quantities medium from only one culture the other— 
thus bringing one line the condition the other; (c) creating 
different environment both lines adding per cent. sucrose 
the culture medium and then exchanging media between them 
frequently. Quicker and more satisfactory results can ob- 
tained, members two lines tested are cultivated 
the same container. this method, two lines clone that 
have been negative each other’s protoplasm for months, can 
brought back state cross-fusibility—even though they 
are removed from the clonal parent.by many 200 genera- 
tions. normal specimen was put the same concavity with 
abnormal relative. Though reacting negatively the be- 
ginning, they readily fused with each other’s fragments proto- 
plasm after living together for four days. unrelated (?) nor- 
mal specimen was placed the same container with abnormal 
this case the shattering reaction was exhibited until 
the ninth day coexistence; from then on, fusion occurred readily 
between one organism and pseudopodial fragments the other. 
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DISCUSSION. 


Before entering into discussion the results obtained 
these investigations, perhaps advisable show that the 
method employed sound, and that offers some advantages 
over the methods which have been utilized others. stated 
the introduction, this the first time that the interactions 
protoplasmic masses have been used studying the subject 
Heredity and Environment. was not until the recent appear- 
ance the first article this series that anything was published 
concerning the fact that certain the shelled rhizopods are 
capable reappropriating, fusion, fragments protoplasm 
which have recently been detached from their cell-bodies. 
this paper clearly pointed out that “the severed fragments 
are not recovered food, but enter again immediately into the 
protoplasmic structure the Later work has 
strengthened the evidence for such contention. fact, the 
findings these experiments with polypora substantiate all 
the conclusions drawn from the work Difflugia, except para- 
graphs and the general summary. 

regard paragraph fusion has been observed 
occur the ends pseudopods, well along extended 
mid-region. This difference behavior the two genera may 
due the difference the nature their pseudopodial forma- 
tion. paragraph six cases out approximately 1,000 
two enucleated fragments have been observed fuse with each 
other; though such instances they were severed from the same 
cell-body the same time, and were almost contact the 
beginning. 

addition the data protoplasmic fusion given Article 
No. the reaction described the introduction 
the present paper. This the kind reaction usually ob- 
served when organism made contact with fragment severed 
from distantly related individual. was found that such 
cases there was mutual attraction between the organism and 
the fragment—even though their protoplasms were shattered 
upon making contact. the fragment came from closely 
related specimen fusion occurred. When fragment proto- 
plasm was severed from different genus and placed 
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near Arcella the two bodies did not attract eachother. This 
was done ten different occasions; each time the fragment was 
placed within 100 micra the organism, but neither body showed 
any response the other’s presence. Chance wanderings should 
have brought the two masses together certain percentage 
cases. This did happen two occasions out the ten tried, 
but nothing resulted from the contact. both instances the 
animal moved the fragment had been merely mechanical 
obstruction. 

Another observation which probably worthy mention 
this connection, that under ordinary circumstances two 
which would react negatively towards each other’s fragments, 
may come contact with each other’s pseudopods without 
causing any disturbance; but when protoplasmic fragment 
one these organisms their midst, was frequently observed 
that théir pseudopods would shattered upon making contact. 

With these various facts established, seems evident that the 
inability organism fuse with pseudopodial fragment 
due difference the physiological constitution the pro- 
toplasm involved. generally considered that morphological 
differences are merely physical expressions physiological 
changes—a kind cause and effect relationship. this true, 
then physiological tests offer finer distinctions between minute 
variations than can perceived the structure organisms. 
Furthermore, shown the experiments which one line 
clone was placed culture medium containing per cent. su- 
crose, physiological changes may persist for long time after 
morphological differences have disappeared. 

Most investigators past have, necessity, studied 
variations among protozoa making use structural differ- 
ences. While these are undoubtedly great importance, they 
not offer delicate method determining variations, 
sure means detecting them. Anyone who has observed 
reaction can but impressed with the fact that 
marked difference exists between the reacting masses—a few 
generations back they were parts the same individual; they 
have diverged means binary fission until they not only fail 
unite when brought together, but are shattered into many 
pieces. postulate many possible 
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explanations. seems most reasonable think being 
due difference molecular structure, ionization; least 
the sudden violent shattering suggestive electrical phen- 
omenon. The inability one organism fuse with proto- 
plasmic fragment another, does not imply that the two organ- 
isms concerned differ structurally, nor does cross-fusion indicate 
that morphological differences exist. either case the 
animals involved may may not identical size, structure 
and rate fission. 

Maupas studying the effect temperature the 
fission rate infusoria, arrived the conclusion that under 
given conditions the fission rate remains the same, and that 
inherited variations not exist. Regardless the important 
bearing this statement has the theory evolution, there was 
but very little interest exhibited until some time after the publi- 
cation Johannsen’s results, which enunciated his 
concept genotypes. Since then workers various fields have 
investigated the subject Heredity and Environment. Like 
Maupas, most them have obtained evidence which seems 
emphasize the species. Among these might 
mentioned: Johannsen working with beans, Hanel 
and Lashley with Hydra, Jennings with 
infusoria, Ackert with Paramecium, and Jollos with 
infusoria. However, recently Barber working with bac- 
teria, Jennings with Hegner with 
Root with Centropyxis, Middleton with Stylon- 
ychia, Erdmann with Paramecium, and others, have appar- 
ently been able demonstrate that variations take place 
among organisms reproducing asexually—and Erdmann 
says: rigid conception the genotype does not hold true 
for protozoa.’ 

enter field filled with much conflicting evidence, armed 
with new method, was especially attractive undertaking. 
The experiments were planned with the idea duplicating, 
far possible, the various conditions which protozoa have 
been subjected others. The only new factors employed were 
the method determining variations which might arise, and 
little different way preparing the culture medium. 

The results obtained seem combine the two diverse opin- 
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ions, and thus answer some the hitherto perplexing questions. 
the first place, they show that both physiological and morpho- 
logical variations appear among protozoa reproducing vege- 
tatively, and that such variations can hastened altering 
the environments; and secondly, that these changes are not due 
inherited variations which persist for very long periods time, 
for they could reversed within few days. Unquestionably, 
certain heritable variations often arise cultures, and seem 
persist for some time afterwards; but, our experiments 
least, the organisms which these changes are manifested are 
left the same surroundings, undisturbed, they tend revert 
the normal type, while placed different environment 
where selection would affective, artificial selection 
practiced, the aberrant characteristics may continued, even 
emphasized. 

similar manner the physiological status organisms 
subject modifications. Adjustments are constantly being 
made result the ever changing surroundings. The ques- 
tion seems resolve itself into one environmental factors, 
which food means the least important. The only diffi- 
cult factor control these experiments was the bacterial 
growth the culture media. fact, the rapid differentiation 
observed when unlike culture media were used, was probably due 
change the character the bacterial flora produced the 
action the environment; for the action had been direct, 
some cases least, physiological differences should have occurred 
within few hours after the organisms were exposed it. 


SUMMARY AND CONCLUSIONS. 


Like Difflugia, Arcella polypora will, under favorable con- 
ditions, reappropriate fragments protoplasm 

accidental contact made the fragment treated 
mechanical obstruction. 

Fusion will take place between one individual and proto- 
plasmic fragment closely related specimen. 

Two distantly related individuals, which have not been 
kept the same receptacle, will attracted each other’s 
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severed pseudopods, but upon making contact the involved pro- 
toplasms will shattered into bead-like masses. 

When two lines clone are kept under similar environ- 
ments, cross-fusions between them cease after approximately 
days; while the two diverging lines-are subjected different 
environments, the time required for cross-fusions cease 
greatly shortened (varying from 16.5 days depending the 
factor employed). 

When small quantities culture media are frequently 
exchanged between the concavities which members two 
diverging lines are confined, cross-fusions between them appar- 
ently continue indefinitely 

After two related specimens have become negative each 
other’s protoplasm, cross-fusions between their progeny may 
induced (a) exchanging small quantities culture media 
between the receptacles which they are kept (time required was 
days), (b) placing both them the same concavity 
(time required was days). 

Morphological differences are not necessarily associated 
with different physiological states, evidenced the fact that 
abnormal specimens could induced fuse with fragments 
normal individuals—and vice versa. 

Physiological changes occur among the descendants 
single polypora reproducing vegetatively, but such differences 
are probably due environmental influences rather than 
hereditary variations. 
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EXPLANATION PLATE 


Fic. Camera lucida sketches illustrating shattering reaction. Arcella 
polypora approaching fragment from another individual the same species, frag- 
ment shown below. The same bodies just after making contact. 


Fic. vertical section illustrating shape shell.and position 
pseudopods. 


Fic. which appeared suddenly hay infusion culture 
clone line qd. Lateral view; Ventral aspect, showing ellipsoidal mouth; 
normal individual line from which the abnormal specimen was obtained. 
170—camera lucida. 
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THE ATTACHMENT OYSTER 


THURLOW 


Knowledge the life history and ecology the American 
oyster, Ostrea virginica Gmelin, more extensive than the case 
any other species lamellibranch. The researches num- 
erous investigators, notably Brooks, Nelson, and Stafford, 
give almost unbroken history this mollusc from the egg 
the adult. most marine bivalves, the eggs the oyster 
are shed into the water where fertilization occurs. Subsequent 
development rapid, the larva forming bivalve shell within 
two days less. Then there follows pelagic period approxi- 
mately two weeks during which the larva swims about with the 
aid the velum, and increases considerably size. the 
close the free-swimming period the larva settles upon some 
solid object and remains firmly attached that point for the 
remainder its life. the time attachment the history 
most other marine lamellibranchs similar that the 
oyster, but once the free-swimming period ended find 
variety behavior; the Pecten, Modiolus, and Mytilus 
attach seaweeds other objects, the larve the Teredini- 
and the Pholads bore within solid substratum, while those 
Venus and Mya burrow into the bottom. 

Concerning the actual attachment the oyster larva the 
close its pelagic life have little information, the nature 
the process having been deduced the main from study the 
stages just preceding and just following fixation. Ryder, 
Huxley, Jackson, and others, including the writer (Nel- 
son, A), believed that the secreting border the mantle was 
used cement the larva fast the substratum. Stafford, 
the other hand, found his youngest oyster that the 
left valve bore layer about five times thick the shell itself, 
composed apparently different material. This thick layer 


1From the Laboratory Rutgers College and the Department 
Biology, New Jersey Agricultural Experiment Station. Paper No. 117 the 
Journal Series, New Jersey Agricultural Experiment Stations, Department 
Biology. This paper will appear Rutgers College Studies Vol. 
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covers more than one half the outer surface the left valve, 
extending from close the anterior ventral edge almost the 
umbo, but falling short posteriorly. From his study the 
byssus gland the base the foot the larval oyster, Stafford 
concluded that this organ must furnish the substance used 
attach the larva, since the large amount this material and its 
position far under the left valve preclude the use the mantle 
for this purpose. 

has been good fortune observe the actual attachment 
oyster under semi-natural conditions, and thus 
able fill the gap the information about this process. Large 
numbers full grown oyster larvae were found P.M., July 
23, the water surrounding our laboratory houseboat Barne- 
gat Bay. glass plate measuring inches was lowered ver- 
tically into the water and removed half hour later, and imme- 
diately suspended horizontally dish sea water under the 
binocular.! 

Six oyster larvae were moving about over the glass, holding 
means the very active and highly adhesive ciliated foot. 
Some were the upper, others the lower side the glass, 
thus permitting observation the attachment process both from 
above and from below. With the velum withdrawn, and slowly 


Fic. the method creeping the oyster larva over glass 
surface. larva with foot fully extended; larva with foot contracted and 
body pulled forward. Larve shown from the right side. 


rolling the shell from side side, the extended the foot 
distance about 0.25 mm., attached the distal end and then 
contraction the foot pulled the body forward. The 
the foot next being attached, the body was swung part way 
around; the tip the foot was again extended the new direc- 
tion and the process repeated (Fig. 1). When first observed 


Jackson, Nelson, and Stafford, used this method obtaining 
oyster spat; but one these authors records having witnessed the actual attach- 
ment the larva. 
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8.35 P.M. the larve were describing circles little over mm. 
diameter. they continued moving around the radius the 
circles was gradually diminished, until 8.46 the first larva 
came rest With the foot extended about one half its full 
length, its distal end flattened contact with the glass, the 
larva swung the body until the foot occupied the median posi- 
tion, with the left valve against the glass and inclined 
about degrees this position the ventral edge the 
left valve almost touches the substratum. 
The ventral border the mantle was ex- 
tended until came contact with the 
glass where remained for minutes, and 
then was withdrawn. The foot, with its 
cilia beating very feebly, was then slowly 
drawn in, and minutes after the larva 
ceased circling the foot had entirely dis- 
appeared between the valves, and fixation 
was accomplished. The method attach- 


Fic. The position 
ment the larve the upper and during fixation, 


lower side the glass was the same; right side. 


foot; v., umbo 


ing from below, the power the foot 
holding the left valve firmly against the substratum while fixation 
being effected. 

The great importance the foot the fuli-grown oyster larva 
was recognized Stafford who described its creeping move- 
ments. The manner which the larva cements itself fast was 
deduced him 65) solely from histological evidence. 
concluded that the mantle could not furnish material 
sufficient quantity nor rapidly enough use the organ 
fixation. says: usefulness the foot organ 
locomotion, clinging organ, organ fixation, had 
appealed for some time but had direct evidence 
support the view that was really the organ final attach- 

Stafford found that large part the base the foot 
full-grown oyster larva occupied the byssus gland which 
consists three lobes communicating with duct which opens 
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the outside the heel the foot. The cells this gland are 
gorged with transparent secretion which not found the 
much shrunken gland which characterizes the larva immediately 
after attachment. believed that fixation was accomplished 
the larva extending the foot until the heel came position 
near the upper anterior edge the valve, and that the byssus 
gland then discharged its secretion, which, flowing between the 
left valve and the substratum, soon hardened and held the larva 
fast. Stafford believed that the mantle played part the 
fixation process. 

own observations show that Stafford was right consid- 
ering the foot the organ final attachment. not thrust 
forward, however, held, but brought the median posi- 
tion. The extrusion the mantle for short period evidently 
aids the quick and economical distribution the cementing 


fluid poured out the byssus gland the ventral edge 
the left valve. This secretion hardens less than min- 


utes. Fig. are shown number newly attached larve 


Oyster larve removed just after attachment and photographed from 
the left side show the area covered the cementing substance from the byssus 
gland. Magnified about diameters. 


photographed from the left side show the area covered by, and 
the distribution of, the cementing material. 

The use the foot creeping over surfaces has been described 
number larval bivalves, and the chief means which 
the young molluscs obtain foothold favorable locality. 
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Kellogg, showed the importance the foot aiding the 
larva Mya obtain attachment. Sigerfoos, noted that 
larval shipworms possess powerful foot means which they 
creep rapidly over surfaces and select spots favorable for fixation 
the exclusion those which are not suitable. Field, 
states that the larve Mytilus creep from unfavorable situa- 
tions upon seaweeds locations which are better adapted 
them. Belding, describes the foot the larval Pecten, 
most important organ, since used for swimming well 
crawling. Belding, showed that the full-grown larva 
Venus the foot likewise used swimming well for crawling, 
and for procuring attachment. 

That the use the foot enables oyster exercise some 
selection seeking place attachment evident from the 
wide differences the number spat procured when various 
kinds cultch are placed together the water. have recently 
shown (Nelson, that oyster larve will not attach shells 
which are extensively pitted the boring sponge, Clione, 
which are badly corroded and which present surfaces that are 
microscopically rough. 

For some hours before oyster larve set they may observed 
moving about over various surfaces with the velum extended, its 
cilia beating actively; and with the foot protruded and bent 
right angles, thus bringing the distal half contact with the 
substratum. The foot remains quiescent this position while 
the larva slowly along, were, propelled the 
velum, but aided somewhat the cilia the foot. Then, 
swimming upwards, the larva progresses short distance through 
the water and drops down the substratum continue 
before. this manner the larva may wander over appreci- 
able area before eventually attaches (Nelson, 

this connection well correct the idea held oyster 
growers and some scientists also, that attachment the 
oyster larva occurs when its shell becomes heavy that the 
animal sinks the bottom, unable longer toswim. For example, 
Stafford 34) says: presumably the larve become 
too heavy swim with ease, settle towards the bottom, creep 


about, and select some clean solid surface upon which they fix 
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That such not the case must evident anyone who has 
observed extensive oyster sets the bottoms boats, upon 
the bottoms floats kept the very surface the water 
(Nelson, The full-grown oyster larva, far from being 
helpless, capable more powerful swimming than any time 
during its pelagic life. During the course the development 
and growth the larva the increase size the velum more 
than commensurate with the increase the weight the shell. 
Plankton samples taken during the calm early morning show 
large numbers full-grown oyster swimming the sur- 
face. times the larva may project the foot into the surface 
film and, withdrawing the velum, may hang suspended the 
foot and slowly rock the shell from side side, much the 
familiar habit pond snails hanging from the surface film. 

Full-grown oyster larve are found mostly the bottom be- 
cause they develop during the last two days their pelagic life 
strong positive stereotropism, and since fixed objects are most 
abundant the bottom the larve mainly congregate there. 
The intensity attachment which occurs the very surface 
the water when suitable cultch available, precludes the idea 
that increased weight the shell even positive geotropism are 
factors exclusively governing the time fixation. 

The use the foot oyster crawling over surfaces 
similar that reported Crozier, who found that the adult 
Lima oriented itself away from the light attaching the tip 
the foot the substratum after bending the free portion away 
from the source illumination. The creeping oyster larvae 
also strikingly similar that observed the fresh-water 
and especially the young Corneocyclas when first 
liberated from the brood pouches the parent (Nelson, 

sessile forms, such the oyster, which remain fixed the 
spot where the larve set, keen competition follows when large 
numbers settle one time. During heavy sets 1,000 larve may 
attach one oyster shell cm. long, upon area which will 
permit not more than oysters grow breeding age. 
significant that such times abundant settlement, when the 
water over the oyster beds may show high 250 full-grown 
larve per liter, the frequency attachment per unit area 
available cultch does not exceed certain maximum. 
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just attached experimental shell. Unfortunately 
have never witnessed the behavior two oyster larve coming 
into contact with each other while circling about over surface, 
but examination shells taken times maximum settle- 
ment indicates that the movements the prior final 
fixation not only aid them finding spot suitable for attach- 
ment, but that this behavior also tends keep the larve sep- 
arated from one another. The proximity neighboring larva 
could presumably recognized only through touch, hence 
conceivable that here and there individuals failing come 
contact while circling about might attach close one another, 
occurred six instances Fig. the most 


Fic. attached oyster larve the surface oyster shell. Within 
this circle, mm. diameter, are larve. Magnified about diameters. 


heavily set shells our collection shows out 500 newly at- 
tached larve only 57, 11.4 per cent., which are within mm. 
another larva. This distance taken since represents the 
approximate radius the circles described the larve when 
first observed. Studies the behavior other bivalve 
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during the attachment period should give interesting information 
the prevalence this type behavior. 


SUMMARY. 


Full-grown larve the oyster shortly before attachment move 
over appreciable area solid surface testing out with the 
foot. 

Actual attachment preceded circling movements, the 
larva finally coming rest with the left valve held contact 
with the substratum the foot. 

The suggestion Stafford, 13, that the foot the organ 
attachment has been confirmed direct observation. The use 
the foot and the mantle during fixation here described. 

The circling movements the larva while crawling over 
substratum not only aid obtaining favorable foothold, 
but probably are also instrumental producing fairly even 
distribution the spat. 
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